Document made available under 
Patent Cooperation Treaty (PCT) 

International application number: PCT/GB05/000847 
International filing date: 04 March 2005 (04.03.2005) 

Document type: Certified copy of priority document 

Document details: Country/Office: GB 

Number: 0406037.2 

Filing date: 18 March 2004 (18.03.2004) 

Date of receipt at the International Bureau: 02 May 2005 (02.05.2005) 

Remark: Priority document submitted or transmitted to the International Bureau in 
compliance with Rule 17.1(a) or (b) 




World Intellectual Property Organization (WIPO) - Geneva, Switzerland 
Organisation Mondiale de la Propriete Intellectuelle (OMPI) - Geneve, Suisse 




PCT/GB 2QQ5 / 0 0 0 8 4 7 



I Office 



INVBSTOR IN PEOPLE 



The Patent Office 
Concept House 
Cardiff Road 
Newport 
South Wales 
NPIO 8QQ 



I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify tliat annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein. 



In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
in this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
registration save for the substitution as, or inclusion as, the last part of the name of the words 
"public limited company" or their equivalents in Welsh, references to the name of the company 
in this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 



In accordance with the rules, the words "public limited company" may be replaced by p. I.e., 
plc, .P.L.C. or PLC. 



Re-registration under the Companies Act does not constitute a new legal entity but merely 
suM|^ the company to certain additional company law rules. 




Dated 23 March 2005 



Signed 




-An Executive Agency of the Department of Trade andlndustry 



18 MPR 2004 ll:5B.FR0M 



TO 901633814444 P. 02/21 

iSHARQq E8ei8^6-i 002877 




r 



POi/T70O 0.00-0406037c2 ftCCOUHT CHA 



Patents Form 1/77 

Patents Ad 1997 
(Rule 16) - 



Request for grant of a pateni 
(sw the tMes on the back of this form. 

an expUmaiory tBofiet from ike Patent qffl 
yauJiU in this form) 

1 Your reference 




The Patent Office 

Newport 
Owent NP9 IRH 



2 


Patent application number 
(Tk& PeU^ni Office ifAllflU in ihLspart) 


0406037.2 i . g ,^«'n 2004 


3 


Filll Haxnd, ar1<1r^a& And p<:tstcode pf the pr pf 
6a(;h applicant (widerlirie sJ] suznaixies) 


imperial Chemical Industries PLC 

20 Manchester Square, London, W1U 3AN 




PatfitttS ADP NUrnb$r (ifyi?u htQW it) 






If the appHi;aiit is n caipoiate body, give the 
couti try/state of its incoimoi^ott ' 


United Kingdom 


4 


Title of the invention 


M^tal OxidB Dispersion 


5 


Name of Your Agent (if you have one) 


HUMPHRIES, Martyn 




"AddittfiS for aezvi(:Hi*'in tbe United Kingdom 
to which iA\ Cprr^^ppnd^ni;? slipuldb^ S^t 

(induding ike postcode) 


Unlqema Intellectual Proper^/ Dept 

Wilton Centre 

Wilton 

Redcsr 

Errand. TS104RF 




Patents ADF Number ^3v>u inow 




6 


i£y(sa. dre dtelaring pridrity from one Qt mm 
earBer patent appilicatians, give tbe country 
and the date of iilinc of the or each of these 


CouAby Ftioriiy Applicarion fltuhber Daie of FiUni; 

C\fyQUbion^U) (doy/mimth/yettr) 



If this application xs divided or othennnse derived iVom an 
earlier UK at^plioation, give the nunAi^ and filing date of 
Use earlier application 



Number of earlier application 



Date of Filing 
(dc&^f month /year) 



8 Isa^stateinbttOfinvmtoxshipBndofiij^ttagrantQfa 
pdtent required in mpport of this request? 

Answer yes \ff 

a) any appliconi tuuned In pari B ii not an invsnior, or 

b) thtr& d« inventor who is not named cts an t^ppUcftnU or 

c) any namttd applicant is a corporate body. 
See Note 

Patents Form 1/77 



4 



i£l!E)98113 18>HariD4 jTliSlgl 



IB mR 20&4 ii:5B FROM TO 901633814444 " P. 03/^1 

Patents Form 1/77 




Enter the nmbec of sheets for my of the 
fonowxng items you ^ filing with 1ibxs fonn. 
Do not count cq;»ies of the same docnxnent 

CoatmiiatioQ sheets of this foaa 

Deseiipitioii 13 

Cl6nD(s) 4 
Abfitraot I 
Drawings 




1 0 If you gre also fiHhg any of the f ollowmg 
state how many ftgamst item 

Prioticy d<K5u7nw;t* 

Translations of priori^ dooumente 

Statemeat of Invention and 
rightta grant of a patent (Paienti Form 7/77) 

Request fotrPr^ininary Examination 
and sewh (Paienia Form tJ!/77) 

Reqaest for Substantive JEjc^ntination 
(Patc^is fprm 10/77) 

Any oth*r dt)6ixnjent5 

(Please specify) 

1 1 lAVe x«qtiest the gtiant of a pBX&nt on the h^t of this appHc^gn 

Signature ^.^ ^ Date 15.03.04 

,o iwi ^ 4„i HUMPHRIES, Maityn 

12 Name and daytime telephone number of 

person to contact in the United Kingdom 01642 435337 . 

Warnitts 

J^er an appUcathnfora patent has been filed, the CamptroUer &fths Patent Office will consider whether publication or 
comtaunicatian of the invention should be prohibited or restricted under Section 22 of the Patents Act }977, You will be informed if 
ith'n^oeiaArytOprOkibH^rr^tnOtyourinwmtia^ Furtkermom, ifyau live in ^cUmted Kingdom, Section 23 of ihs 

Pot^nisAel f9779top;ryQufrQtnappb^'fSfirapat(Pnt4tbrwidwithou(fi^^^ ihePut&tt Qgiceunl^sy 

an tppfimion has been fUed at least 6 weeks b^&rehand in the United Kingdom for apatentfo^ the same invention and either no 
dirBcliOn prohibiting pubJicatiem or communication has been issued, or any such direction has been revoked. 

Notes 

a) If you need help to jBII in this fomi or you have any qu^pii?» p]^^ wntfigt th^ Pat^t 0ffi«?9 on Q$4$ 500505 

b) Write your soswora in capital letttra using Wpck infe or yqu may type tliwi. 

If thert is not enough iSpara for all the relevant deteils on any part of this form, please continue on a separate sheet of paper 
and write '"sec continuatian sheet" rn the relevant part(s). Any continuation sheet should be attached to this fonn. 

<5 If you mwv^'e^d Te?* Patents Form 7r!7 willneedtobefil^d, 

e) Once you have filled in the &nn you must remenibdr to dga and date iL 

J) For d^ils of Ihr £se snd ways topay ple^ ?pnts^ (hc Pot^t Office, 



10090113 13-i'br"06 11:501 



18 MRR 



2004 li:5B FROM 
UQI 51130 . 



TO 901B33814444 P. 04/21* 



Metal Ox\6^ DisDorsion 

Field of Invention 

3 The present invention refatea to a di&p^ion of metal oxlds particles, and In particular to the 
use thereof In a sunscr^an product 

Background 

10 Mstal QX\cte$ such as titanium dioxide, zinc oxide and iron oxide have been ennpldyed as 
attenuators of ultraviolet light In sunscreens. Due to the increased awareness of the link 
between ultraviolet light and skin oancer. there has been an increasfng requlrament for 
ultraviolet light protection in everyday sktncans and cosmetics products. There Is a need for a 
metal oxide in a form which when Incorporated hto sunscnaen products exhibifs effective UV 

15 absorption pmperties, transparent In use. and have a pleasant skin feel, it Is an extrennely 
ohallenging problem to provide a product with all of these properties. There is a constariLn^ad 
in tha market place to improve these properties, particularly transparency and skrn feel. 

Summary of th^ Invention 

20 

We have now surprisingly discovered an improved metaf oxfde dispersion, which overmmes or 
significantly reduces at least one of fhe aforementioned problems. 

Accordingly, the present jnvention provides a dispersion comprising partldes of metal oxide 
25 having a median volume particle dtemeter In the range from 24 to 42 nm» dispersed in a 

medium which compnsee a mixiune of at least one polar material having an interfadal tension 
of le&s than 30 mNm'* and at least one non-polar materiaf having an Interfacial tension of 
greater than 30 mNm~\ • - 

30 The present Invention also provides a dispension comprising partides of metal oxide having a 
median volume partide diameter In the range from 24 to 42 nm« dispersed In a medium which 
comprises a mixture of (i) at least one pdar material selected from the group consisting of, 
C12-15 alkyf benzoate, oaprylio/capric triglyceride, cetearyl Isononanoate, ethylhexyl 
fsostearate» ethylhexyl palmltale, i$qnonyl isononanoate, isopropy! isostearate. tsopropyf 

35 myristate^ isostearyl isostearate, isgstearyl neopentanoate» ociyidodeaanol, pentaerythrityl 

tetralsosteanale, PPG-i5 stearyl ether, trfethylhexy) triglyceride, dicapiylyl carbonate, ethj^hexyl 
stearate, hellanthus annus (sunflower) seed oil, isopnopyl palmltate, and octyldodecyl 
neopentanoate, and (ii) at ieast one non-poiar material selected from the group consisting of. 
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C13-14lsoparaffin. isohexadacane. paraffinum liquidum (mineral dl), squalane, squBlena, 
hydrogenated polyieobutsna, and poiydaoane. 

The present invention further provides a sunscreen product fonmed from a dispersion 
5 comprising particles of metal oxide having a median volume partlols diameter In the range 
from 24 to «2 nm. dispensed in a medium which comprises a mixlure of at least one polar 
material having an Interfaclal tension oFtess than 30 mNm'^ and at least one non-polar 
material having an interfadal tension of greater than 30 mNm"'. 

10 The present invention further provides a sunscreen product comprisirtQ particles of metal oxide 
having a median volume particle diameter m lha range fliom 24 to 42 nm, and (i) at least one 
polar material selected from the group consisting of are Wethylhexyl triglyceride, C12-15 alkyl 
benzoate. caprylio/oapric triglyoBrtde, isononyi isononanoate, iadatearyl aeopentanoate. and 
. oclyldodacyl neopenianoate. and (ii) at least one non-polar material selected from the group 

16 consisting of Isohexadecane. hydnc»genatBd polyisobutene. and squalane. 

The invention yet further provides the use of a dispersion comprising particles of metal oxide 
haying a median volume particle diameter In the range from 24 to 42 nm, dispersed In a 
medium which compriaaa a mbdure of at least one polar material having an WeifecJal tension 
20 Of less than 30 mNm'^ and at least one nons>olar material having an interfadal tension of 
greater Vnsn 30 mNm"\ to produce a sunscreen having improved skin feel. 

The inventfon still Rirther provides the use of a dispersion comprising particles of metal oxide 
having a median volume particle diameter In the range from 24 to 42 nn% dispersed in a 
26 medium which comprises a mlxtui« of at least one pdar material having an Inlerliadai tension 
of less than 30 mNm'' and at least one non-pdar material having an interfaeial tension of 
greater than 30 mNm"', in the manufSChjre «tf a transparenf sunscreen having improved skin 
feel. 

30 Preferably the metal oxide used In the preserit invention comprises an oxid© of titanium, anc or 
iron, and most preferably the metal oisida Is iBanhim dtoxide. 

The preferrad titanium dioxide particles oomprfee anatase and/or nilile crystal ibrm. The 
• titanium dioxide In the partides preferably comprises a major portion of mtOa, moi* preferably 
35 greater than 60% by weight, parlicuiarly greater than 70%, and espedally greater than 80% by 
weight of rutile. The titanium dbside in the particles preferably comprises in the range from 
0.01 to 5%, more preferably 0.1 to 2% and particularly 0.2 to 0.6% by weight of anatasa. In 
addition, the dtanlum-dloxWa in the parades preferably comprises leas than 40%, mora 
preffer^ly less than 30%, and pariieulaiiy lees than 2S% by weight of amorphous fitenlum 
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dioxide. The basic particles maybe prepared by standard procedures, such as using the 
chloride process, or by the sulphate process, or by hydrofysis of an appropriate titorvum 
cornpound such as Blaniutn oxydichloride or an organic or Inorgantc titanate, or by oxrdatjon of 
an oxidfsafale titanium compound, e.g. In ih$ vappur state, The tilaniurp dioxide particle ana 
5 preferably prepared by the hydrolysis of a titanium compound, partlcularJy of titanium 
oxydichloride. 

The particles of metal oxide used In the present Invention are preferably hydrophobic. The 
hydrophobicHy of the metal oxide can be detenmined by pressing a disc of metal oxide powder, 
1 0 and measuring the contact angle of a drop of water placed thereon, by standard techniques 
known In the art. The contact angle of a hydrophobic metal oxide Is preferably greater than 

The metal oxide particles are prefsrabiy coated in order to render them hydrophobic. Suitable 
15 coating materials are water-repellent, preferably organic, and Include fatty adds, preferably 
fatty acids containing 10 to 20 carbon atoms, such as iauric acid, stearic acid and Isoaiearic 
add, salts of the above fatty aplds sucli as sodium ^alts gnd aiurninium saifcs, fatty ^teohpis, 
such as stearyl alcohol, and silicones such as polydlmethylstloxane and substituted 
polydlmethylsiloxanes, and reactfve sillqcnes such as methylhydn^slloxane and polymers and 

20 copolymers thereof. Stearic add and/or salt thereof is particularly preferred. The organic 
coathg may be applied using any conventional process. Typically, metal 03dde particles are 
disperaed In water and heated to a temperature in the range 50*^0 to 80*^0. A fatly acid, for 
example, is then deposited on the metal oxide particles by adding a salt of the fatty acid (e.g, 
sodium stearate) to the dispersion, foiiowad by an acid. Altemativsly, the matai oxide partlcles 

25 can be mbced with a solution of the water-rep^ient material in an organic solvent, followed by 
evaporation of the solvent In an alternative embodiment of the invention, the water-repellant 
material can be added directly to the composition according to the present Invention, during 
preparation thereof, such that the hydrophobia coating is fbmaed in situ. Generally, the 
particles are treated with up to 25%, mons preferably In the range fnom 3% to 20%. particularly 

30 6% to 1 7%. and especially 10% to 1 5% by weight of organic material, preferably fatly acid, 
calculated with respaci to the metal oxide core particles. 

Alternatively or additionally, the partkdes of metal oxide may have an inorganic ooating. For 
example, metal oxide parfides, such as titanium dioxide, maybe coated with oxides of other 
35 elements such as oxides of aluminium, zirconium or silicon, or mixtures thereof such as 

alumina and silica as disclosed in 08-2205088-^ the teaching of which Is Incorporated herein 
by reference. The preferred amount of inorganic coating is in the range from 2% to 25%, more 
preferably 4% to 20%^ particularly 6% to 1 5%, and espaolaily S% to i2% by weight, calculated 
with respect to the weight of metal oxide core particles. The inorganic coaling may be applied 
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35 




using techniques known 61 the art. A typieai process comprisas fomnlng an aqueous 
dlspereion of metal oxide partlotes In the presence of a soluble salt of the Inorganic element 
whose oxide will form the coating. This dispersion is ususBy acidic or basic, depending upon 
the nature of the salt chnsen. and precipitation of the Inonganto oxide Is achieved by adjusting 
5 the pH of the dispersion by the addition of acid or alkali, as appropriate. 

In a preferred embodiment of the InvenBOrt, ttie metal oxkte particles are coated w«h both an 
inoiganlc and an otganio coating, either sequentially or as a mixture. II is preferred that the 
inorganic coating, preferably alumina, Is applied first followed by the organic ooaUng, preferably 

10 fatty add and/or salt thereof. Thus, prefenfed metal OJdde partides for use in the present 

invention comprise (i) in the range from 60% to 98%. more preferably 85% to 95%. particularly 
70% to 80%. and especially 72% to 78% by weight of metal oxide, preferably fflanlum dioxide, 
with respect to the total weight of the parfides, (li) in the range from 0.6% to 15%, more 
preferably 2%'tD 12%. particularly 5% to 10%. and especially 6% to 9% by weight of inorganic 

15 coating, prefei^ly elumina, wij respect to the total weight of the particles, and Oii) in the 

range from 1% to 21%, more p^^rably 4% to 18%, partlculaily 7% to 15%. and especially 9% 
to 1 2% by weight of organic coating, preiterably fatty add and/or salt thereof, with respect to the 
total weight of the partldes. Such metal oxide particles provide a surprising combination of 
both Improved photostebBity and dlspersibility- 

20 . 

The Individual or primary metal oxide parlides are preferably acicular in shape and have a long 
axle (maximum dimension or length) and short axia;(mlnlmum dimension or width). The thind 
axis of the particles (or depth) is preferably approximately the same dimensions as the width. 
The mean length by number of the primary metal oxide particles Is suitably in the range from 

2S 50 to 90 nm. preferably 55 to 77 nm, mwe pnaferably S lo 73 nm, partloulariy 60 to 70 nm, 

and especially 60 to 65 nm. The mean width by number of the particles is suilabiy in the range 
from 5 to 20 nm. preferably 8 to 19 nm. more preferably 10 to 18 nm, particularly 12 to 17nm. 
and especteliy 14 to 18 nm. The primary lltanium dioxide particles preferably have a mean 
aspect i^tio di:d2 (where di and da- respectively, are the length and width of the particle) in 

30 the range ft-om 2.0 to 8.0:1 , more preferably 3.0 to 6.5:1 , particulariy 4.0 io 8.0:1 , and 
Bspedally 4.5 to 5,5:1 . The size of the primary particles oan be suitably measured using 
Bleotiw microscopy. The ete» of a partlda can be determined by measuring the length and 
width of a foier partidB selected from a photographic Image obtained by using a transmission 
eledFon microscope. 



The metal oxide particles suitably have a mean crystal size (measured by X-ray diffraction as 
herein desoribed) in the range from 4 to 1 0 nm, prsf&rsbly 5 to 9 nm, more prtSsrably B.5 io 
8.5 nm, particulariy 8 to 8 nm, and espet^ly 6,5 to 7.B nm. 
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The size distribution Of the crystal Bfze of the metaJ oxide pariides c^n be important, and 
stJftabty at feast 30%. preferably at least 40%, more preferably at least 50o/,, particularly at . 
reast 60%, and especially at least 70% by wefg ht of the metal oxide particles have & drystal 
$IZ8 within one or more of the above preferred ranges for the mean crystal size. 

When fom^ed into a dlspersfon accorcirng to the present invention, the paruculate metal oxide ^ 
suitably has a median volume particle diameter (equivalent spherical diameter corresponding 
to 50% of the volume of ail the partidess, read on the cumulative distribution curve f^lating 
volume % to the diameter of the particlas - often referred to as the "D(v,0.5)" value)) 
(hereinafter referred to a$ dispersion pafttele size), measured as herein described, in the range 
fnom 24 to 42 nm, preferably 27 to S9 nm, more preferably 29 to 37 nm, particularly 31 to 35 
nm, and especially 32 to 34 nm. 

The siae distribution of the metal oxide particles in dispersion can also be ah important 
peremefer In obtelning. for exiampie, a sunscreen product having the required propert/es. in a 
prefenred embcxiiment suitably less than 10% by volume of metal oxide particles have a 
volume diameter of less than 13 nm, preferably less than 1 1 nm, wotb prBfarably lass than 10 
nm* particularly lees than 9 nm, and espaclaliy lass than 8 nm below the median volume 
partide diameter, in addition,' suitably less than 16% by volume of metal oxTde partides have a 
volume diameter of less than 1 1 nm, preferably less than 9 nm, more preferably less than 8 
nm, particularly less than 7 nm, and especially less than 6 nm telow tl^e median volume 
particle diameter. Further, suitably less than 30% by volume of metal oxide particles have a 
volume diameter of less than 7 nm. prelterably less than 6 nm, more preferably lead than 5 nm, 
particularly less than 4 nm, and especially less than 3 nm belowthe median volume particle 
diameter. 



Also, suitably more than 80% by volume of melai oxFdB particles have a volume diameter of 
less than 30 nm, preferably less than 27 nnriv more prefenahly less than 25 nm, particularly less 
than 23 nm» and especialiy less than 2l nrn above the median volume particle diameter. In 
addition, suitably more than 84% by volume of metal oxide particles have a volume diameter of 
less than 19 nm, preferably less than 18. nm, mom preferably less than 17 nm, particularly less 
tiian 16 nm, and especialiy less than 15 nm above the median volume particle diameter. 
Further, suHaWy more than 70% by volume of metal oxide particles have a volume diameter of 
less than 8 nm. preferably less than 7 hm, more preferably less than 6 nm, partlcutarty less 
than 6 nm, and especfally less than 4 nm above the median volume particle diameter. 

Dispersion particle size of the metal oxide particles described herein may be measured by 
electron microscope, coulter counter, sedimentation analysis and static or dynamic light 
scattering. Techniques based on sedimentation analyst are preferred. The median parfide 
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slEe may be determined by plotting a cumulative distribution curve representing the parcantage 
of particie volume beHow ohosen parttcl© sizes and measuring the 50tti psrcentile. The meden 
particle volume diameter end panicle size di&tritnjtion of the metai oxide particles in disperaion 
is suitably measured ueing a Brookhaven particle sizer, as described herein. 

5 

In a partfcalarly preferred embodiment of the invention^ the metal oxide particles have a BET 
specific surface area, measured as de$(^ribed herein,' of greater than 40, more preferably in the 
renge from 60 to 1 00, particularly 60 to 90* and especiaily 65 to 75 mrlq, 

10 The metal oxide particles used in (he present invention exhibit improved transparency suitably 
having an extinction coefiTdent at 524 nm (£524), measured as herein described, In the range 
from OA to 1 2. preferably 0-S to 1.1, more preferaWy 0,6 to 1 .0, particularly 0.7 to 0.9, and 
especially 0.75 to 0.85 \fgfctt\. In addition, the metal oxide particles suitably have an extinction 
coefficient at 460 nm [Em\ measured as her^ described, in the range from 0,6 to 2.2, 

IS preferably 1.0 to 2,0. more preferably 1.2 to 1.B, particularly 1.3 to 1 J, and especially 1.4 to 1.6 
l/g/cm. 

The metal oxide partidee exhibit eflective UV absorption, suitably having an extinction 
coefncteiit at 360 nm (Ewo), measured as herein described. In the range from S to 1 1 , 
20 preferaWy 6 to 1 0, mote preferably 6.5 to 9.6, partiourariy 7 to 9, and especially 7.5 to 8.5 

l/g/cm. The metal oxide pertides abo suitably have an extinction codfffcient at 308 nm (Egos)* 
measured as herein described, in the nange ftom 40 to 62. preferably 42 to 60, more preferably 
43 to 49, parficulariy 44 to 48, and espedalV 45 to 46 l/g/cm. 

25 The metal oxide particles suitably have a maximum exUndton coaffldant E(mak}, me^ured as 
herein described, in the range frtim 57 to 70, preferably 58 to 68, more preferably 59 to 66, 
particularly 60 10 54, and especially 61 to 82 l/g/cm. The metal oxide particles suitably have a 
Mmax). measured as hef^in described, fn the range from 270 to 286, preferably 272 b 284, 
more preferably 274 to 282, particularly 276 to 280, and especially 277 to 278 nm. 

30 

The metal oxide partldes suitably exhibit reduced whiteness, preferably having a change In 
whiteness AL of a sunscreen product containing the particles, measured as herein descnfaed, 
of less than 3, more preferably In the range from 0,5 to 2,5, and particulariy 1 .0 to 2.0. In 
addition, a sunscreen product oontairdng the parfides preferably has a whiteness index, 
35 measured as herein described, of less than 1 00%, mors preferably In the range from 1 0% to 
80%, pardculariy 20% to 60%, and especially 30% to 50%. 
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The meta! oxide particles suitably have reduced photogrsyTng, praferabiy having a 
photogreylng tndex, mdasured as herein described^ of less .than IS, more preferably in the 
range from 1 to 10< particularly2to7, and especially 3 to 5. 

5 In a dispersion according to the present Invention, the metal oxide particles are stable to 

aggregation. The metal oxide particles In the dispersion are relatively unlfbm^ly dispersed and 
resistant to settling out on stariding, but if some settling out does occur, the particles can be 
easily redlspersed by simple agitation, 

•10 The dispersing medium used in the present invention preferaWy comprises a mixture of at 

least one polar organic material having an IntBrfaciat tension compared to water of less than 3d 
mNm'^ and at least one organic; noniDOlar material having an interfaclal tension of greater than 
30 mNm'V The polar material suiiably has an interfecia! tension compared to water in the 
rango from 5 to 27, preferably 15 to 25, more preferably 19 to 24. partloulariy 21 to 23, and 
15 especially 21 ,5 to 22.5 mNm"\ The non-polar material suitably has an interfacial tension in 
the range from 33 to 50, preferably 35 to 45, more preferably 36 to 43, particularJy 37 to 40, 
and especially 38 to 39 mNm'V 

The difference In the interfacial tension of the least one polar material and the least one non- 
2D polar mafBrial In a dispersion according to the present Invention is suitably in the range from 5 
to 35, preferably 1 0 to 25 more preferably 1 3 to 20, particularly 1 5 to 1 8, and especially 1 6 to 
17 mNm"^-. The dispersing medium as a whole (i.e. mixture of polar and non-polar material) 
suitably has an interfaclal tension in the range from 23 to 36. preferably 24 to 31 , more 
preferably 25 to 29. pardcularly 25.5 to 28, and especially 26 to 27 mUttC\ 
25 ' 

The ratio of polar to non-polar dispersing medium present in the dispersion is suitably In the * 
range from 10 to 90:10 to 90, prsfierably 20 to 80:20 to SO, more preferably 30 to 70;30 to 70, 
particularly 40 to 60:40 to 60« and especially 45 to 55:45 to 55% by weight. 

30 Suitable polar materiab comprise, or are selected from the group consisting of, 

CI 2-1 6 aUcyl benzoate, capryfic/capric triglycertde. cetearyl isononanoate, ethylhexyl 
isostearate, ethylhexyl palmitato, isononyl isononanoate, isoprapyl Isostearaie, isopropyl 
mynfstaisi isosiearyl Isostearate. Isostaaryl neopentanoate, octyidodecand, pentaerythriM 
tetrai^ostearate. PPO-15 stearyl ether, triethylhexyl triglyceride, dicaprylyl carbonate, ethylhexyl 

35 stearate, helianthus annus (sunflower) seed oil, isopropyf palmltate, and octyldodacyr 

neopentanoate. Prefemed polar mataHals are triethylhexyl frlglycerrde, C12-15 aikyl benzoate, 
caprylic/caprio triglyceride, isononyl isononanoate, Isostearyl neopentanoate, and octyidodec^ 
neopentanoate, and particularly preferred Is triethylhexyl trigiyceride. 
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Suitable non-polar matarlals comprise, or are selected from the group consisting of, 
C13-14 Isoparatfrn, Isohexadecane. paraffinum llqulcfum (mineral oil), squal^ne, squalene, 
hydro5enatedpolyi8obutBne.andpoJydecene Preferred nonijolar materials are • 
isohexadecane, hydrogenated polyi&obulene, and equalart^, dhd particnjiariy preferred Is 
5 isohexadecane. 

The dispersion according to tfie present Invention may at&o coniairt a drdper$jng| agent in order 
to Impnov© the properties thereof. The dispersing agent is suitably present in tlie range from 
1 % to 3D%, preferably 2 to 20%. more preferably 3% to 1 0%, particularly 4 to a%. and 
1 0 especially 5% to 7% by weight based on the total weight cf meial oxide parHdes. 

Suitable dispersing agents include substituted (wboxylic acids, soap bases and polyhydroxy 
acids. Typically the dispersing agent can be one having a formula X.CO in which A is a 
divalent bridging group, R is a primary secondary or tertiary amino group or a sali thereof with 
15 an acid or a quaternary ammonium salt group and X Is the residua of a poiyastar chain which 
together with the -CO- group is derived frorn a hydnjxy osrboxylic acid of the fomnula HO-R- 
cooii. As examples of typical dispersing sgents are those based on riolnoieic acid, 
hydroxystearic acid, hydraganatad castor oil fatty sold which oontalns in addition to 12- 
hydroxystearic add small amounts of stearic acid and palmitic acid. Dispersing agents based 
20 on one or more polyesters or salts of a hydrDxycart^Qxylic acid and a parboxylic acid free 

of hydroxy groups can also be used. Compounds of vanous molecular weights can ba used. 
Other sui'tabfe dispersing agents are those monoesters of fatty acid alkanolamldes and 
carboxylic acids and their salts. Allcanolamidas are based on athanoiamina, pnopanolamina or . 
aminoethy) ethanolamlne for example. Altomativa dispersing agents are those based on 
25 - polymers or copolymers of acrylic or methacrytlo adds, e.g. block copolymers of such 

monomers. Other dispersing agents of simifar general form are ihosa having apo:^ groups in 
the constituent nadicals such as tliose based on the ethoxyiated phosph^ate enters. The 
dispensing agent can be one of those commercially nafen-ed to as a hyper diaparsant 
Polyhydroxystearic acid Is a particularly preferred dispersing agent 

30 

An advantage of the present invention b that dfeperstons can be produced which contain at 
ieast 35, preferably at least 40, more preferably at least 45, particularly at least 50, especially 
at least 55, and generally up to 60% by weight of the totaf weight of the dispersion, of metal 
oxide particles. 

35 

The dispersions according to . the present Invention exhibli improved sidn feel particulariy when 
used to produce sunsoreen products. Gonventionaf sunscreen products exhibit a "greas/ 
aflerfesl on the skin. Dispersions and aunsonsen products sooordlng to the present hvention 
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surprisingly have improved skin feel, measured as herein descn'bdd, for exampld confiarrind d 
signiflcantly less greasy afterfael. 

A composition, preferably a sunscreen product containing the dispersion of metal oxide 
5 particles defined herein suitably has a Sun Protection Facbr (SPP). measured as herein 
described, of greater than 10, preferably greatar than 15, more preferably greater than 20, 
particularly greater than 25, and especially greater than 30 and up to 40* 

The dispersions of the present Inventton are useful as Ingredients for preparing sunscreen 
10 compositions, especially in the form of emulsions. The compositions may further contain 
conventbnal addiiivea suitable for use In the intended applioailon, duch as conveniianel 
, cosmetic Ingredients used In sunscreens. The particulate metal oxide as defined herein, may 
provide the only ultraviolet light attenuators in a sunscreen product according to the Invention, 
but other sunscreening agents, such as other metal oxides and/or other organic materials may . 

15 also be added. Por example, the pr^erred iltanigm dipxfde partlci^$ defined herein m^y be 
used In combination with other existing commercially available titanium dioxide and/or 2ilnc 
oxide sunscreens. Sultabfe organic sunscreens for use with a compositiQn according to the 
Invention Include p-methoxy oinnamic dcld esters, saDcylic acid esters, p-amino benzoic acid 
esters, non-<sulphanated benzophenona derivatives; derivatives of dibenzoyi methane and . 

20 esters of 2-cyanoacryiic acid. Specific examples of useful organic sunscraens inciiide 

benzophenone-l, ben2ophenon^2, benzophenons-3, benzophenone-6, t>Gnzophenone-8, 
ben2ophenone-12, Isoprop^ dibenzoyi methane, butyl methoxy dibenzoyi methane, ethyl 
dihydroxypnopyl PABA, glyceryl PABA,'ootyI dimethyl PABA, ootyl methoxyclnnamate, 
homosalate. ocfyl salicylate, octyl trla2one,.octocr^nd, etocrylenep menthyl anthnanHate, and 

25 4-msthylbenzyIidene camphor. 

In this specification the following test methods have been used: 

1 ) C(Vata! SLzB Measurement of Metal Oxide Particles 

30 Crystal size was measured by X-ray diffraction (XRD) line broadening. Dlffifactlon patterns 

were measured with Cu Kcr radiation In a Siemens D5000 diffraotometer equipped with a Sol-X 
- energy dispersive detector acting as a monochrcmator. Programmable slits were used to 
measure diffraction from a 12 mm length of specimen with a step size of 0.02° and step 
counting time of 3 sec. The data was analysed by fitting the diffraction pattem between 22 and 

35 48 '^ZB with a set of peaks corresponding to the reflsctbn positions for rutlis and, where 

anatase was present, an additional set of peaks corresponding to those reflections. The fitting 
process allowed for removal of the effects of Instrument broadening on the diffraotbn line 
shapes. The value of the weight avenage mean crystal size was determined for the rutile 1 1 0 
rejection (at approximately 27.4 "2^) based on Its integral breadth according to the principles 
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of the method of Stokes and Wtleon (B. E, Warren, "X-Ray D'Hfractron", Aridison-Wesley, 
Reading^ Massachusetts. 1969, pp 254-257}. 

2) Median PartlclB Volume Diameter and Partlcfe aae Dlstributton of Metsf Oxfde Partfcles In 
5 Pfepgpsibn 

A dtepersfon of metal oxide particlea was produced by mixiiie 6 g of polyhydroxystearic add 
wfth 47 g of triethylhexyl triglyceride and 47 g of Isohexadecane, and then adding 100 & of 
metal oxide into the solution. lh& mbdura was pa&dad through a horizontal bead mill, 
operating at approximately 21 00 r.p.nrt. and oontaining zirconia beads as grinding media for 15 
1 0 minuter. The dispersion of metal oxide particlad wai& diluted to betuveen 30 and 40 g/l by 

mixing with csofyropyl myristate. The diluted sample was analysed on the Brookhaven B[-XOC 
partlo(e sizer In centrffUgaf ion mode, and median particle volume diameter and particle size 
distn'butlon rnaasured. 

15 3) BET Spedfic Surface Area of Metal Qxtrie Particles 

The single point BET specniic surface area was measui^ using a MionomerlticB Flowsorb II 
2300. 

4) Change in Whrtenftss and Whiteness Index ; . 

20 A sunscreen formulation was coated on to the surface of a glossy black card and drawn down 
using a No 2 K bar to form a film of 1 2 nm wet thid^^ess, The film was albwed to dry at room 
temperature for 1 0 minutes and the whiteness of the coating on the black surface (Lp) 
measured using a Minolta CR300 colourimeter. The diange in whiteness aL was calculated 
by subtracting the whiteness of the substrate (U) from Ihe whiteness of the ceding <Lf)- The 

25 whiteness index is the percentage change in whiteness aL coriipared to a s^dard titanium 
dioxide {= 100% value) (Tayca MTIODT (exTayce Corporation)). 

51 Photoareyinq Index 

A metal oxide dispersion (15% by weight of metal oxide particles in CI 2-1 5 alkyi benzoate) 
30 was placed inside a 6 cm x 3 err) acrylic cell (containing a 2 cm x 1 .5 cm space), and the cell 
made air fight by clamping a glass slide over (he top, ensuring that no air bubbles were - 
present. The initial whiteness (LJ was measured using a Minolta CR300 colourimeter. The 
celi was then placed on a turntable revolving at 30 rpm and exposed to UV light for 2 hours (a 
UV iamp containing 4 TL29D,16/09 tubes mounted 12 cm fmm the cell), and the whiteness 
35 (Ly) remeasupsd. The photograying indas AL - Lj - Lj. 

61 Sun Protection Factor 

Ths Sun Protescition Factor (SPP) of a sunscreen formulaUon was detsnminad using the in viiivr 
method of Diffey and Rot>Bon, J. Soc. Cosmet Ohem. Vol. 40, pp 127-133,1989. 
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7> Extinotlon Coeffipients 

0.1 g sample of a metal oxide disper^n was dUuted with 100 ml of cyclohexana This diluted 
sample was then further diluted with cydohexane in the ratio sampleicydohexana ofl :19. The 
total dyution was 1 :20,000. The diluted eampla was than placed In a epectrephotomater 
5 (Perkin-Elmer Lambda 2 UVyVIS Speotrophotometer) with a 1 cm path length and the 

absorbancB, of UV and visible ifght measured. Extinction coefficients were calculated frem the 
equation A=E.c.K where A=a'bsorbance, E^^xtinctJon coafficient in litres per gram per cm, 
c=concentration in gnams per litre, and l=path length In cm. 

10 - rntBrfaoialTenfitoq 

Interfaoia! Tension between the polar or non-polar dleparaino madfum and watar was 
maasunad by the Du Nuoy Ring method at 26°0. 

9) SJcinFeel 

1 5 Skin feel was measured by trained assessors, ualng a protocol in which test samples ware 
assigned % numerical scores for a series of sensory attributes. 2 ml of a metal oxide 
dispersion or sunscreen emuJsEon were spread over a circular eree» approximately S cm in 
diameter, on the inner forearm. . After spreading, the afterfeel ffmmedlate and after 20 minutes) 
of the test sample on the skin was characterized in the following tenns:- % "oil/ skin feel: % 

20 "waxy skin fieel; % "greas/ skin feel; and % "silioone-lik^' skin feel. 

The invention Is illustrated by.the IbUowing non-Ibnifing examples. 
Examples 

25 

Example 1 

1 mole of titanium axydichlorida in acidic solution was reacted with 3 molaa of NaOIH in 
aqueous solution. After the initial rewtion period* the temperature wee incn&ased to above 
70°C, and stirring continued. The reaoGon iriixtura was neutralised by the addition of aqueous 

30 NaOH, and allowed to cool below 70°C, An alkaline solution of sodium aluminate was then 

added, equivalent to 10.5% by weight AigOa on TiO^ weight. Th? t^mp^rgtunp was mgintelned 
below 70"C during the addition. The temperature was Increased to above 70*C, and sodium 
stearate equivalent to 13^5% by weight sodium atearate on weight of TiOa was added. The 
^ dispersion was neutralised by adding hydrochknic add solution. The resultant slunry was 

35 filterBd^ washed with demlneralfsed water, driad In an oven, and than micropulvarisad to 
produce particulate titanium dioxide. 

A dispersion was produced by mixing 6 g of poiyhydroxystaarlc acid with 47 g of Iriathyihexyl 
trigiycedde and 47 g of isohexadecane, and then adding tOO g of titanium dioxide produced 
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above into the solution. The mixture was passed through a hori2tontal bead mai, operating at 
approximately 2100 np.m. and containing zlrconia beads as grinding madia for 1 5 minutes. 

The dispersion was subjected to fha t^t proGedures descrit>ed herein, and the titanium dioxidd 
5 exhibited the fbliowlrtg properties! 

i) Mean crystal size = 7 nm, 

il) 16% by volume of perticles have a volume djameter of 8 nm below th$ median volume 
10 perflde diameter^ 

30% by volume of particles have a volume diami^r of 4.5 nm bdow the median volume 
partlql© diameter, 

70% by volume of particles h^ve a volume diameter of 6 r>m above the median volume 
particle diameter, 

15 94% by volume of partlolee have a volume diameter of 15 nm above the median volume 
partlcid diameter, 

Hi] Extinob'on CoefRofente; 

20 ^ Efmax): Mfnax) ' 

0.8 1.5 45.1 7.1 61.4 277 

This titanium dioxide dispersion produced in Example 1 was used to prepare a sunscreen 



25 product having the foliowihg compositiorL 
Phase A: 

ARLACEL P135 (ex Unfqema) 2.0 

ESTOL 1612 It^ Unlqwna) 16-7 

30 Candeliila Wax (ex, Eggar&Co Chemiceld Ltd] 1 .0 

Trtanlum Dioxide di$per9ion produced above 1 5.0 

Phase B: 

PRICERINE 9091 ((SX Unlqema) 4.0 

36 Magnesium SuHiate 0.7 

Demineraiised Water .30. 1 

Phasa C: 

Germeb^n II 0.5 
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The ingredients of oil phase A were mixed and heated to 75-80'*C. The ingredients of aqueous 
phase B were tniKed and heated to r^-SO^C, and slowly added to phase A with Intensive 
rnbdng, foliQwed t^stlning Wt\ a Sflverson mixer for 2 minutes. The mixture was cooled to> 
45"C with rntansive stirring^ and the preseivatfve phase C added. The mixture was further 
5 cooled to room tempienature with stirring. 



The sunscreen product was subjected to the test procedures described herein and exhibited 
the foilowfng properties: 

10 i) Greas/ Skin Fael 30% Immedbfe (43% for oonvenlfonai sunscreen) 

38% after 20 minutes (47% for conventionai sunscreen) 



15 



fi) Whiteness AL -1.1 
Whiteness Index 39% 

iil)SPF 25 

The above examples Illustrate the impraved properties of a dispersion and sunscreen product 
according to Qie present invention. 



20 



25 



30 



35 



100981 irS^-M^^i^SMi^MQ^ 



IB MfiR 2004 125 02 FROM 



TO 901633814444 P. 17/21 



UQI 51130 



14 




CLAIMS 



1 . A dispersion comprfelng particles of matal odda having a median volume particle 
diameter in the range from 24 to 42 nm. dEepersed In a medium which compnse$ s mixture of 

5 at least one polar material having an infcerfiacial tension oF le&s th^ 30 mNm"' and at least on^ 
non-polar matanal having an tnterfadai tension of greater than 30 mNm^\ 

2. A dispersion according to daim 1 vtfhereln the metal oxide particles have a mear^ crystal 
size in the range from 4 to 10 nm. 

10 

3. A dispersion according to either one of claims 1 and 2 wherein at least 40% by weight of 
metal oxld9 pariiote$ have a cryetal 9tze within the nsnge 6 to 9 nm. 

4. A dispersion according to any one of the preceding cfaims wherein less than 16% by 
15 volume of metai D3dde partlcTes have a volume diameter of less than .9 nm below the median 

voiuma particle diameter. 

5. A dtepersion according to any one of the preceding daims wherein (ess than 30% by 
volume of metal oxide parfides have a volume diameter of less than 5 nm t>Blow the median 

20 valunne particle diameter. 

6. A dispersion according to anyone of the preceding claims wherein more than 84% by 
volume of metal oxide particlee have a volume dFametar Of lesa than 1 7 nm above the median 
volume particle diameter. 

25 

7. A dispersion according to any one of the preceding claims wherein more than 70% by 
voJume of nnetal oxide partldes have a volume diameter of lees than 6 nm above the median 
volume partlde dlarneter, 

30 8, A dispersion accot^ing to any one of the preceding dalms wherein the metal oxide 
particles have an extinction coefficient at 524 nm in the range from 0r4 to 1 .2 l/g/cm. 

9, A dispersion aoconiing to any one of the preceding claims wherein the metal oxide 
particles have an ©KUnotion coeffident at 360 nm M the ranga fttum 5 to 11 l/fif/cm. 

35 

10. A dispersion acconjing to any one of the preceding claims wherein the metal o^lde 
particles have an a>d]nction coefficisnt at 308 nm in the range from 40 to 52 \Jgfcm, 
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11 A disp$r5ion according to any one of the. preceding claims wherein the metal oxide 
particJes have (1) a mocfian volume particle diameter in the range from 29 to 37 nm. anchor (n) 
less than 10% by volume of particles having a volume diameter of las$ than 1 1 nm below the 
median volume parlfcle diameter, and/or (ui) less than 16% by volume of particles having a 
5 volume diameter of 8 nm below the rnedian volume particle diameter, artd/or (iv) less than 30% 
by volume of particles having a volume diameter of Fess lhar) 5 nm below Ihe median volume 
particle diameter, and/or (v) mgre then 90% by volume of particles having a volume diameter 
of 1699 than 27 nm above the median volume particle diameter, and/or (vf) more than 84% by 
volume of parb'oles having a volume diameter of les$ than 17 nm above the median volume 
10 particle diameter, and^cr (vii) more than 70% by volume of particles having a volume diameter 
of less than 6 nm above the median volume particle diameter. 

1 2. A dispersion acconJing io any one of the preceding claims wherein the particles of metal 
oxide have an extinctfon coeffiotent at 524 nm In the range from 0.5 to 1 .1 i/g/cm, an extinction 
1 5 coefficient at 450 nm in the range from 1 .0 to 2.0 l/g/cm. an extinction coefficient at 360 rtm in 
the range trom 6 to 10 l/g/cm, an extinction coefflcfeni at 308 nm in the range from 44 to 48 
l/g/cm, a ma>dmum extinction coelTlclent in the range from 60 to 64 1/g/cm, and a X(max0 fit the 
range from 274 to 282 nm. . > 

20 - 13. A dispersion aocprding to any one of the preceding claims wherein (he polar material 
has an interfadal tension In the range from 10 to 26 mNm'^. 

14. A dtepersfon according to any one of the preceding daims wherefri ihe non-polar 
material hae an interfacfal tsnalon in the range fttm 35 to 4S mNm'\ 



25 



15. A dispersion according to any one of the preceding claims wherein the difference In the 
interfacfal tension of tho polar mater ral and the non-jrolar material is in the range from 13 to 2D 
mNm^^ 

30 10- A dispersion acconJJng to any one of the preceding claims wherein the ratio of polar to 
non-polar material is in the rwge from 30 to 70:30 to 70% by weight 

17, A dispersion according to any one of the preceding claims wherein ihe polar matertaJ la 
selected from the group consisting of ^ro triethylhexyf triglyceride, C12-1 5 alkyt benzoaie. 
35 caprylic/capric triglyceride, teononyl isononanoale. ieostearyl neopentanoete. and octyldodecyl 
neopenfanoate. 
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IS. A dispersion aocording to any one of the preaedfng cfaini& wherein the non-pdar 
material j& ealeotod from the group con&isrtino of isohexadecane, hydrogenated polyfsobutene, 
and sgualane. 

6 1 9. A dtspersfon comprising particles of metal pxide having a median volume particle 

diameter m the range from 24 to 42 nm, dispersed in a medium which compnses a mixture of 
(i) at least one polar material selected from the group conarsting of, C12-1 5 afkyi benzoate. 
capryllc^capric triglyceride, cetearyl Isononenoate, ethylhexyl IsostBarate, ethyihe^Qfl palmltate, 
isononyl isononanoate, leopropyl ieoetearete, isopropyt mynstafe, (sostearyl isoslearate, ' 

10 isostearyl neopentanoate, octyldodecanQ^ pantaerythrityl tetrateofilearate. PPG-1 5 stearyl 
ether, tnethylhexyl triglyceride, dicaprylyl carbonate, ethyfhexyl slearate, hefianthus annus 
(sunflower) seed all. Isopropyl palmttate, and octyldodecyl neopenlanoate, and (ii) at least one 
non-polar material selected from the group consisting of, C13-14 isoparaffin, Isohsxadecane, 
parafflnum liquidum {mineral oil), squafane, squafene, hydrogenated poiyteobutene, end . 

1& polydecene. 

20. A sunscreen product formed from a dispersion oomprlsing particles of metal oxide 
having a median volume particle diameter In the range from 24 to 42 nm, dispersed In a 
medium which compridee a mixture of at le^st one poler matarial having an Interfaciat tension 

20 of less ffian 30 mNm'^ and at least one non-polar material having an InterfacTal tension of 
greater than 30 mNm"^. 

21 . " A sunscreen product comprising particles of metal oxide having a median volume 
particle diameter in the range fit^m 24 to 42 nm, and (1) at least one polar material selected 

25 from the group consisting of are triethylhexyl triglyceride, CI 2-1 5 alkyl benzoate, capryllc/capric 
triglycertda, Idononyl isononanoate. ieoatearyl neopentanoate, and octyldodecyt 
neopentanoate, and {11} at least one non-polar material eelected the group coneisting of 
. isohexadecane, hydrogenated polyisobulene. and squalane. 

30 22 , The use of a dispersion comprising particles of metal oxide having a median volume 
particle diameter in the range from 24 to 42 nm, dispersed in a medium which comprises a 
mixture of at least one polar material having an interfaolai tanelon of less than 30 mNm'^ end et 
least one non-pofar mater^ having an interfacfal tension of greater than 30 mNm^\ to produce 
a sunscreen having improved ekin feeL 

35 

23, The use of a dispejnslon comprieing particles of metal oxide having a median volume 
particle diameter in the range from 24 lo 42 nm, dispersed in a medium which comprises a 
mixture of at least one polar material having an Interfaclai tension of less than 30 mNm"^ and at 
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least on& non-polar material having intBrfeaal tsnsfon of greaterihan 3D mNm'^, in the 
manufacture of a transparent sunscreen having I'mproved skin feel. 



10 
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ABSTRACT 

A dispersion contains particles of metal oddd having d m^ldn vdume pdrtide diditieter h the 
range from 24 to 42 nm which are dispersod in a medium which Indudes a mixtum of at least 
5 ons polar material having an interfaoai tension of less than 30 mNm'^ and at least one non- 
•polar material having an interfacial tension of greater than 30 mNm"\ The dispersion can be 
used In a sunscreen product that exhibits effective UV protection, tnenaparency, and Improved 
skfn feel. 
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